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Introduction
============

Miscarriage, the loss of a pregnancy before 24 weeks of gestation, affects up to one in five women who conceive, making it the commonest complication of pregnancy.[@ref1] Preterm birth, delivery of a baby between 24 and 37 completed weeks of gestation, occurs in 6-10% of pregnancies.[@ref2] Up to 85% of neonatal deaths are attributable to preterm birth (especially those delivered before 28 weeks). Of those who survive, around 10% have long term disability.[@ref3] The cost of preterm birth is £93m a year in the United Kingdom.[@ref3] This includes healthcare costs (including neonatal care), education, and costs to the parents.

There is evidence that thyroid autoimmunity is an important risk factor for miscarriage and preterm birth.[@ref4] The presence of thyroid autoantibodies is relatively common in women of reproductive age. In an "unselected" population of women, the prevalence ranges from 6% to 20%,[@ref4] [@ref5] being even higher in women with a history of recurrent pregnancy loss, at around 17-33%,[@ref6] [@ref7] [@ref8] and in women with a history of subfertility, at around 10-31%.[@ref9] [@ref10] [@ref11] In the developed world, thyroid autoimmunity is the main cause of hypothyroidism, which itself results in poor obstetric outcomes. Even in women with biochemically normal thyroid function, studies have reported an association between the presence of thyroid autoantibodies, particularly thyroid peroxidase antibodies and adverse pregnancy outcomes, including miscarriage, preterm birth, and adverse neurodevelopmental sequelae in children.[@ref12] [@ref13] The exact mechanisms of these associations are unknown, though two have been proposed. Firstly, the presence of thyroid autoantibodies in women with normal thyroid function could be associated with a subtle deficiency in the availability of thyroid hormones (a fall in circulating free thyroid hormones within the reference range) or a lower capacity of the thyroid gland to adequately rise to the demand for augmented synthesis of thyroid hormones required in pregnancy.[@ref14] Given that minor perturbations in thyroxine concentrations within the normal range can lead to an association between thyroid autoantibodies and adverse pregnancy outcomes, trials have been conducted to evaluate the effects of supplementation with levothyroxine on pregnancy outcomes in women with normal thyroid function who tested positive for thyroid autoantibodies. Secondly, thyroid autoantibodies might be an indicator of an underlying enhanced global autoimmune state. This itself can have a direct adverse effect on placental or fetal development.[@ref14]

Given the importance of the potential association between thyroid autoantibodies and adverse pregnancy outcomes, we systematically reviewed and meta-analysed the association between thyroid autoantibodies and miscarriage and preterm birth. Given the possible role of levothyroxine in improving pregnancy outcomes, we also reviewed the available randomised evidence on the effect of treatment with levothyroxine on pregnancy outcomes.

Methods
=======

This systematic review was conducted with a prospective protocol with widely recommended methods.[@ref15]

Identification of studies
-------------------------

We searched Medline (1951-2011), Embase (1974-2011), the Cochrane Library (2011), and SCISEARCH (1974-2011) for relevant citations and examined the reference lists of all known primary and review articles to identify cited articles not captured by the electronic searches. Language restrictions were not applied. We used a combination of MeSH and text words to generate two subsets of citations, one indexing thyroid autoantibodies ("thyroid autoimmune antibodies", exp thyroid/ AND exp antibodies, thyroid AND autoimmune AND antibodies) and the other indexing outcomes ("miscarriage", "abortion", "pregnancy loss", "preterm", "premature", "early labo(u)r", "pret\$"). These subsets were combined with "AND" to generate a subset of citations relevant to our research question.

Study selection and data extraction procedures
----------------------------------------------

The electronic searches were scrutinised and two independent reviewers (ST and EK) obtained full manuscripts of all citations that were likely to meet the predefined selection criteria. Studies were selected if they included women with normal thyroid function who tested positive for thyroid autoantibodies, and the outcomes included adverse maternal and fetal outcomes. We excluded articles in which women were known to have overt biochemical hypothyroidism or hyperthyroidism. When disagreements occurred, they were resolved by consensus and discussion with a third reviewer (AC). In cases of duplicate publication, we selected the most recent and complete versions.

Information was extracted from each selected article on study characteristics, quality, and test results. Data were used to construct 2×2 tables of thyroid autoantibody results (test positive if concentrations were above a threshold as defined in the primary study, and test negative if these were below the threshold) and pregnancy outcomes (miscarriage and preterm delivery). We also extracted data on mean age and serum concentrations of thyroid stimulating hormone and free thyroxine. For the randomised trials, we extracted data on study population, quality of the methods, details of the interventions, and outcomes.

Assessment of quality of methods
--------------------------------

We used the Newcastle-Ottawa scale[@ref16] to assess methodological quality of the selected studies, with the components of study design that are related to internal validity. Information on adequacy of definition of cases or cohorts, representativeness of the sample, selection and evaluation of controls, comparability, ascertainment of exposure, and outcome were evaluated for cohort and case-control studies.[@ref16] The study was considered to have low risk of bias if it scored a maximum of 4 for selection, 2 for comparability, and 3 for assessment of outcome or ascertainment of exposure. Any study that scored 1 or zero for selection or zero for comparability or for outcome assessment was categorised as having a high risk of bias. Studies that scored in between were rated as having medium risk of bias.

We assessed quality of randomised trials evaluating the effectiveness of levothyroxine according to appropriate randomisation, concealment of allocation, blinding, analysis by intention to treat, and follow-up rates. A quality score for the randomised trials was given on Jadad's scale.[@ref17]

Data synthesis
--------------

Odds ratios from individual studies were pooled separately for the cohort and case-control studies with the random effects model. Heterogeneity of treatment effects was evaluated graphically with forest plots and statistically with χ^2^ and I^2^ tests. We generated the pooled mean difference in age and weighted mean difference in serum thyroid stimulating hormone between groups with positive and negative results for thyroid autoantibodies. All analyses were performed with Stata 10.0 and Revman 5 statistical software.[@ref18] [@ref19]

Results
=======

Figure 1 summarises the processes of literature identification and selection of studies evaluating the relation between thyroid autoantibodies and adverse pregnancy outcomes[](#fig1){ref-type="fig"}. From the 389 citations identified from electronic and hand searches, we included 30 primary articles with 36 studies (31 for miscarriage and five for preterm birth) in the systematic review.

![**Fig 1** Flow chart of study selection in review of association between thyroid autoantibodies and adverse pregnancy outcome](thas837922.f1_default){#fig1}

Thyroid autoantibodies and miscarriage
--------------------------------------

Thirty one studies (12 126 women)[@ref6] [@ref7] [@ref8] [@ref9] [@ref10] [@ref11] [@ref12] [@ref20] [@ref21] [@ref22] [@ref23] [@ref24] [@ref25] [@ref26] [@ref27] [@ref28] [@ref29] [@ref30] [@ref31] [@ref32] [@ref33] [@ref34] [@ref35] [@ref36] [@ref37] [@ref38] [@ref39] [@ref40] [@ref41] evaluated the association between thyroid autoantibodies and miscarriage. Nineteen studies were cohort studies, and 12 were case-control studies. Thirteen studies (three cohort, 10 case-control) evaluated the association in women with recurrent miscarriage, nine studies (seven cohort, two case-control) in women with subfertility and nine cohort studies in unselected or other populations. The studies were judged to have low risk of bias for assessment of outcome (19/19 cohort studies) and ascertainment of exposure (12/12 case-control studies) on the Newcastle-Ottawa scale.[@ref16] Nearly half the cohort studies (9/19) had low selection bias and the others (10/19) had medium selection bias. All the case-control studies had medium selection bias. Eight of the 19 (42%) cohort studies had established good comparability of the groups compared with 16% (2/12) of the case-control studies.

Appendix 1 on bmj.com provides details of the characteristics of the women in the included studies. All studies tested for thyroid peroxidase antibodies. Studies varied in the frequency and timing of the autoantibody testing, ranging from testing before pregnancy, in early pregnancy, and after delivery or miscarriage. The commonest threshold concentration of thyroid peroxidase for a diagnosis of positive thyroid autoantibodies was \>100 U/ml. The various thresholds used to define positivity for thyroid autoantibodies are in appendix 1 on bmj.com.

Twenty eight of the 31 (19/19 cohort and 9/12 case-control) studies showed a positive association between thyroid autoantibodies and spontaneous miscarriage. Meta-analysis of the cohort studies found more than tripling in the odds of miscarriage in the presence of thyroid autoantibodies (odds ratio 3.90, 95% confidence interval 2.48 to 6.12; P\<0.001) (fig 2[](#fig2){ref-type="fig"}). The odds of miscarriage with thyroid autoantibodies was increased for women with recurrent miscarriages (4.22, 0.97 to 18.44; P=0.06), women with subfertility (3.15, 2.23 to 4.44; P\<0.001), and unselected or other populations (4.28, 2.06 to 8.92; P\<0.001). There was significant unexplained heterogeneity for studies in women with recurrent miscarriage (I^2^=75%) and the unselected population (I^2^=89%). There was no evidence of heterogeneity for studies in women with subfertility (I^2^=0%) (fig 2).[](#fig2){ref-type="fig"}

![**Fig 2** Association between thyroid autoantibodies and miscarriage in cohort studies](thas837922.f2_default){#fig2}

Meta-analysis of the 12 case-control studies also showed an increase in the odds of miscarriage in women with normal thyroid function and thyroid autoantibodies (1.80, 1.25 to 2.60; P=0.002) (fig 3[](#fig3){ref-type="fig"}). The odds of miscarriage was increased in two subgroups: women with recurrent miscarriage (1.86, 1.18 to 2.94; P=0.008) and women with subfertility (1.50, 0.99 to 2.26; P=0.05).

![**Fig 3** Association between thyroid autoantibodies and miscarriage in case-control studies](thas837922.f3_default){#fig3}

As increasing maternal age is an "independent" risk factor for miscarriage,[@ref42] we examined the difference in the mean age of women who were positive or negative for thyroid autoantibodies through a meta-analysis of the 10 studies that reported age. There was no significant difference between the groups (weighted mean difference 0.87 years, −0.06 to 1.80 years; P=0.07, fig 4[](#fig4){ref-type="fig"}).

![**Fig 4** Comparison of age between women postive and negative for thyroid autoantibodies in included studies](thas837922.f4_default){#fig4}

To explore the hypothesis that women who are positive for thyroid autoantibodies have relative hypothyroidism, we meta-analysed the serum thyroid stimulating hormone concentrations in six studies. The weighted mean difference for thyroid stimulating hormone was significantly higher in the thyroid autoantibody positive group compared with the negative group by 0.51 mIU/L (95% confidence interval 0.14 to 0.88; P=0.007), giving credibility to this hypothesis (fig 5[](#fig5){ref-type="fig"}). There were insufficient data on serum free thyroxine (fT4) and free triiodothyronine (T3) concentrations for meta-analysis.

![**Fig 5** Comparison of serum thyroid stimulating hormone (TSH) concentration between women positive and negative for thyroid autoantibodies in included studies](thas837922.f5_default){#fig5}

Thyroid autoantibodies and preterm birth
----------------------------------------

Five studies[@ref28] [@ref29] [@ref30] [@ref43] [@ref44] including a total of 12 566 women evaluated the association between thyroid autoantibodies and preterm birth. All were cohort studies and had low risk of bias for selection and outcome assessment on the Newcastle-Ottawa scale.[@ref16] Three studies were judged to have medium risk of bias and two as high risk of bias for comparability of cohorts. All showed a positive association between the presence of thyroid autoantibodies and preterm births. Meta-analysis showed an increase in the odds of preterm birth in the presence of thyroid autoantibodies (2.07, 1.17 to 3.68; P=0.01) (fig 6[](#fig6){ref-type="fig"}).

![**Fig 6** Association between thyroid autoantibodies and preterm births](thas837922.f6_default){#fig6}

Effect of levothyroxine treatment on pregnancy outcomes
-------------------------------------------------------

Two randomised studies, including a total of 187 women, evaluated the effect of levothyroxine treatment on pregnancy outcomes.[@ref23] [@ref44] Both studies were in women with normal thyroid function with thyroid autoantibodies. One study was in unselected women[@ref44] and the other in women scheduled to have in vitro fertilisation treatment.[@ref23] One used levothyroxine at a dose of 1 µg/kg/day,[@ref23] and the other used a titrated dose, with a mean levothyroxine dose of 49.7 µg/day (SD 14 µg) in the treatment group.[@ref44] The Jadad score[@ref17] for quality of the studies was 5/5 and 3/5. Both studies showed a reduction in miscarriage rates (36% and 75% relative reductions), and when the results were pooled, there was a significant 52% relative risk reduction in miscarriages with levothyroxine (0.48, 0.25 to 0.92; P=0.03) (fig 7[](#fig7){ref-type="fig"}). One of the two studies reported on preterm birth[@ref44]; this study (n=115) found a 69% relative risk reduction in preterm births with levothyroxine (0.31, 0.11 to 0.90).

![**Fig 7** Effect of levothyroxine treatment in reducing miscarriage in women with normal thyroid function and thyroid autoantibodies](thas837922.f7_default){#fig7}

Discussion
==========

Association of thyroid autoantibodies with adverse pregnancy outcomes
---------------------------------------------------------------------

Our systematic review and meta-analysis of the published literature showed that in women with normal thyroid function, there is a strong association between the presence of thyroid autoantibodies and poor obstetric outcomes, for both miscarriage and preterm birth. The odds of miscarriage more than tripled and that of preterm birth doubled in women with thyroid autoantibodies.

Given the high prevalence of thyroid autoantibodies in women of reproductive age group, these increases in miscarriage and preterm birth are clinically highly relevant at the individual and population level. We showed that the increase in miscarriage rates in women positive for thyroid autoantibodies could not be accounted for by confounding factors such as a difference in age. Our review of the effectiveness of treatment with levothyroxine has provided preliminary evidence on its efficacy in reducing the rates of miscarriages and preterm births.

Five reviews have examined the association between thyroid autoantibodies and miscarriage,[@ref4] [@ref5] [@ref14] [@ref45] [@ref46] and one has examined the association with preterm birth.[@ref47] Several new studies have emerged since these reviews were completed, however, and the existing reviews have used limited meta-analytical methods, necessitating our review.

Pathogenesis of adverse pregnancy outcomes with thyroid autoantibodies
----------------------------------------------------------------------

The frequent presence of thyroid autoantibodies in several non-thyroidal autoimmune diseases supports a hypothesis of global immune dysfunction being relevant to these clinical outcomes.[@ref48] There is evidence that there is an alteration in cytokine expression by peripheral T lymphocytes in women positive for thyroid antibodies outside of pregnancy.[@ref49] Pregnancy is an inflammatory process involving a shift in the regulation of cytokine networks within the local placental-decidual environment.[@ref50] Dysregulation of local inflammatory processes can be associated with miscarriage and premature delivery.[@ref51] The presence of thyroid autoantibodies can reflect a generalised activation of the immune system and specifically a dysregulated activity of the immune system at the fetal-maternal interface. Thyroid hormones can directly influence angiogenic growth factor and cytokine production[@ref52] [@ref53] as well as trophoblast proliferation, survival, and invasion.[@ref54] [@ref55] Furthermore, the presence of thyroid autoantibodies might be a marker of underlying subtle alteration in thyroid reserve. A reduction in the functional reserve of the thyroid gland associated with reduced adaptation to the physiological changes of pregnancy could contribute to minor changes in circulating thyroid hormone concentrations within the reference range.[@ref56] The increase in thyroid stimulating hormone concentrations in euthyroid women with thyroid autoantibodies supports this hypothesis. There were insufficient data to identify any differences in the concentrations of triiodothyronine (T3) between the two groups. We postulate that treatment with levothyroxine might correct any relative deficiency of thyroid hormones and impact on both systemic immune regulation and the local placental-decidual environment.

Clinical implications of the findings
-------------------------------------

The prevalence of the thyroid autoantibodies in the included studies varied between 5.4% and 31%. The miscarriage rates ranged from 2.4% to 42.9%. The association between thyroid autoantibodies and miscarriage was consistently strong across varying rates of thyroid autoantibodies and miscarriages. The individual studies used various assays for thyroid peroxidase antibodies, each with different detection limits and thresholds for test positivity, which were usually predetermined by the assay manufacturer. The effect size does not seem to be related to the threshold concentrations of thyroid peroxidase antibodies.

Although 28 of the 31 miscarriage studies and all five preterm studies showed a positive association, there was still unexplained heterogeneity in the meta-analyses for both miscarriage and preterm birth. The clinical heterogeneity between the studies on the population, test assay platforms, and thresholds used and the quality features of the studies are likely to have contributed to the statistical heterogeneity observed.

The strength of inference on the effectiveness of levothyroxine is weakened by the small number of studies. There have been only two small randomised trials involving a total of 187 women. One of them was not placebo controlled. To obtain a definitive answer on the role of levothyroxine in reducing miscarriages and preterm births a large placebo controlled randomised trial is needed with live births as the primary outcome. The two randomised studies included in the review did not find any safety concerns for the mother or the baby; specifically there were no instances of hyperthyroidism (resulting from overtreatment with levothyroxine). As the randomised trials were small and the follow-up was only to the end of pregnancy, however, these trials were not suitable for assessing rare or long term adverse events. Furthermore, the two trials on this topic have been conducted in the same research unit, with possible implications to the generalisability of the findings.

### What is already known on this topic

1.  Thyroid autoantibodies are relatively common in women of reproductive age

2.  Thyroid autoimmunity might be associated with adverse pregnancy outcomes

### What this study adds

1.  In women with normal thyroid function and thyroid autoantibodies the risk of miscarriage is more than tripled and the risk of preterm birth is doubled

2.  Treatment with levothyroxine can halve the risk of miscarriage in women with normal thyroid function and thyroid autoantibodies
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